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I, Richard L. Greene, hereby declare and say that: 

1. I received a Ph.D in physics from Stanford University in 
1967, and joined the San Jose, California laboratory of the Research 
Division of International Business Machines Corp. in 1970. I was the 
Manager of a group conducting research on organic superconductors and 
have worked in the field of superconductivity for 20 years. I 
transferred to IBM Corp. research laboratory in Yorktown, New York, in 
July 1986, and continued thereafter to conduct research on 
superconductive materials. From about October 1986 to the present I have 
worked on high T superconducting oxides. 

2. At approximately the end of September — first week of 
October, 1986, my manager, Chang C. Tsuei, showed me a copy of an activity 
report from the Zurich Research Laboroatory of IBM Corporation. This 
activity report described the work of J.G. Bednorz and K. A. Mueller and 
their discovery of new superconducting compositions. These materials 
were mixed copper oxide ceramics that exhibited an onset of 
superconductivity at a temperature significantly higher than the 
transition temperatures reported for previously known superconductors. 
Materials of this general class are now known in the art as high T 
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superconductors. A true copy of this activity report is attached hereto 
and labeled Exhibi t A. 

3. Soon after reading this activity report and discussing it 
with Chang C. Tsuei, I called K.A. Mueller in Zurich and requested 
samples from him so that I could make measurements on these samples in 
the United States. This telephone call occurred approximately October 1 
— October 6, 1986. My intent was to begin a research project on these 
materials, as I was very interested in them based on my previous work in 
superconductivity. My plan at that time was to do experiments which 
would be complementary to those being conducted by Bednorz and Mueller in 
Zurich, so that a maximum amount of information could be obtained about 
these new superconducting materials. Based on the data in this activity 
report and on the results of susceptibility measurements described to me 
by Alex Mueller in the aforementioned telephone call, I believed that a 
new class of superconducting materials with T c greater than 30K had been 
discovered . 

4. In approximately mid-October, 1986, Praveen Chaudhari , 
Vice-President, Science, at IBM's Watson Research Laboratory visited the 
Zurich IBM Lab. Based on my request for samples of the new 
superconducting material, Chaudhari told me that he had obtained them 
from Bednorz and Mueller and brought them back to the United States with 
him. These were about six samples in the Ba-La-Cu-O system. Chaudhari 
returned to the United States on or about October 20, 1986 and delivered 
these samples to me. Of these approximately six samples, they varied in 
the different amounts of La and Ba that were present. Only two of the 
samples were reported as being single phase materials. 

5. Immediately upon receiving these samples, I was in contact 
with Bednorz and Mueller, via telephone and computer system links, in 
order to discuss with Bednorz and Mueller the experiments that I would 
conduct and also to obtain information from Bednorz and Mueller relative 
to the characteristics of the samples. I had planned to do specific heat 
measurements of the samples and also resisitivity versus temperature 
measurements in the presence of a magnetic field. Because of the 
importance that I attributed to this work, I worked substantially full 
time on these superconductor materials in order to further characterize 
them. My first specific heat measurements occurred approximately October 
29 and 30, 1986, while I measured resistivity versus temperature in the 
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presence of a magnetic field in la'te November, 1986. (Continuously 

throughout the period, October 2o7^19#6- Februarys ^1987 , I worked on a 

daily basis to further characterize these materials. At all times, I was 

in contact with Bednorz and Mueller, exchanged data with them, and worked 

in close cooperation with them. They provided information to me about 

the characteristics of the material, as well as providing me up-to-date 

information concerning the data they had obtained about these materials. 

A true copy of my computer log from October, 1986 - January 12, 1987 is 

attached hereto and labeled Exhibit B. Excerpts which do not relate to 

superconductivity have been deleted. In this exhibit, the identifier for 

K.A. Mueller is "KAM" , while the identifier for J. G. Bednorz is "BED". 

Bednorz and Mueller are located in Zurich, Switzerland and the computer 

node for them is ZURLVMl. My identifier is "RGREENE" . This computer log 

details my ongoing computer dialogue with Bednorz and Mueller relative to 

theirs and my activities on the high T superconductor materials. In 

c 

addition to this computer correspondence, I also talked with Bednorz and 
Mueller via telephone. 

6. During my specific heat measurements of these materials, 
as well as the measurements of resisitivity versus temperature in the 
presence of a magnetic field, I was assisted by Albert M. Torressen, who 
was a laboratory specialist. I also discussed my laboratory experiments 
with Chang C. Tsuei, S. von Molnar, Merril W. Shafer, Sung II Park, 
Thomas Penney, and Arthur R. Williams. 

7. The specific details of the apparatus and the data 
obtained in the specific heat measurements will be described in a 
separate statement by Albert M. Torressen, the laboratory specialist who 
worked with me to provide these measurements. Essentially, the specific 
heat of the apparatus was calculated to provide calibration and 
background specific heat, after which the sample was introduced into the 
apparatus and the total specific heat again measured. By subtracting the 
background specific heat, the specific heat of the superconducting sample 
is determined. This was done over a temperature range of approximately 
2-50K. 

8. The specific heat measurements of these superconducting 
samples were begun approximately October 21, 1986, and were conducted on 
a daily basis by me and Al Torressen through November and December, 1986. 
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These specific heat measurements and the curves which were plotted are 
representative of these superconducting materials, and are also 
representative of the specific heat versus temperature plots obtained on 
present samples of superconducting high T c oxides. 

9. In addition to the specific heat measurements described 
hereinabove and in the accompanying statement of Albert M. Torres sen, I 
also performed measurements of resistivity versus temperature in the 
presence of a magnetic field, for the samples of Ba-La-Cu-O obtained frcm 
Bednorz and Mueller. The specific heat measurements were performed first 
on these samples, after which I measured resistivity versus temperature 
in an applied magentic field, in order to further characterize these 
samples. These resistivity measurements were done at the end of 
November, 1986, and the beginning of December, 1986. Exhibit C is a true 
copy of nine pages of my data notebook, together with a copy of the cover 
of this notebook entitled "Zurich oxide BIjCO DATA (T,H) . " The date 
"11/15/86" is also on the cover. Exhibit D is comprised of several pages 
of plots of resistivity versus temperature for these superconductor 
samples, as well as resistivity as a function of magnetic field at 
particular temperatures. In some instances, the RuO^ sample holder is 
taken into account into the plots. Generally, these plots represent the 
graphical expressions of the data contained in Exhibit C. Exhibit E is a 
composite plot incorporating the different plots found in Exhibit C, and 
shows resistivity versus temperature for different values of applied 
magnetic field. I used this composite plot at a seminar that I gave to 
other researchers at the Yorktown lab on December 12, 1986. 

10. In order to obtain the data listed in Exhibit C, I used a 
laboratory belonging to Stephan von Molnar . Albert M. Torressen, who 
reported to von Molnar, showed me the necessary equipment to make these 
measurements, and I preceded to make them on my own. However, many 
people were aware of these resistivity measurements and viewed the data, 
including both Thomas Penney and Albert Torressen. In addition, Thomas 
Penney observed me making these measurements and understood the procedure 
and nature of my laboratory work. 

11. I have numbered the data pages of Exhibit C in red in the 
upper right hand corner. Page 1 describes the sample set-up that I used 
for these measurements and the background data in order to ready the 
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apparatus for the resistivity versus temperature measurements. This 
sample was the KLCO -21 II, standing for Ba-La-Cu-Oxide material. Page 2 
shows two views of the experimental apparatus and the calibration 
measurements made between particular terminals. The wires A, B, C and F 
are those which are also shown on page 1. 

12. On pages 3, 4, and 5 I had listed the data that applied 
to the Ru0 2 sample holder and the four point probe. The sample was 
contacted with indium contacts and copper wires were attached to the 
indium contacts for the measurements. Both DC and AC measurements were 
made. The resistance of the sample is R^ which was measured at various 
temperatures with the applied magnetic field H equal to zero (page 4) . 
Pages 5-9 show further measurements that were made at different 
temperature settings and applied magnetic fields. All of the data on 
these pages were taken by me and entered by me in this notebook. 

13. The plot of resistance versus temperature in exhibit D is 
a plot for the data which was obtained December 3 - December 5, 1986. 
Referring to Exhibit D, this plot shows the superconducting transition 
that begins to occur about 35K, where the transition shifts to the left 
in the presence of a magnetic field. This is an indication of a 
superconductor . 

14. All acts performed by me as described hereinabove 
occurred in the United States. 

15. I further declare that all statements made hereinabove 
are of my own knowledge and are true and that all statements made on 
information and belief are believed by me to be true. Further, I declare 
that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, 
or both, under Section 1001 of Title 18 of the United States Code and 
that such willful false statements may jeopardize the validity of a 
Patent Application or any patent issuing thereon. 
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Novel Research 



Possible IIigh-T e Superconductivity in the Ba-La Cu O System 
J.G. Bednorz and K.A. Muller (Project 4196) 

We observed a steep decrease of resistivity in sintered Ba-La-Cu-oxide samples, with the highest 
temperature of the onset in the 35 K range (Fig. 1). 

The Ba-La-Cu-O system exhibits a number of oxygen deficient phases with perovskite-like 
layer-type structures. These are characterized by mixed-valent copper ions (Cu 2+ and Cu 3+ ) and 
itinerant electronic states. In addition one expects polaron formation induced by the strong 
Jahn-Teller effect of Cu 2+ in an octahedral oxygen environment. Thus our Ba-La-Cu-0 system 
was anticipated to have considerable electron-phonon coupling and metallic conductivity. 

. Compounds with the composition Ba(x)La(5-x)Cu(5)0(5[3-y]) have been prepared in 
polycrystalline form. Samples with x < 0.2 and y > 0, annealed below 900°C under reducing 
conditions, consist of three phases, one of them a perovskite-like mixed-valent copper compound 
with K 2 NiF 4 type structure. Upon cooling, the samples show a linear decrease in resistivity, then 
an approximately logarithmic increase, interpreted as a beginning of localization. Finally a steep 
decrease by up to three orders of magnitude occurs, reminiscent of the onset of percolative 
superconductivity. The highest onset temperature is observed in the 35 K range. It is markedly 
reduced by high current densities (Fig. 1). The slow sensitivity decay towards low temperatures 
might possibly result from 2D superconducting fluctuations of perovskite layers of one of the 
phases present. 
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Possible High T c Superconductivity 
in the Ba-La-Cu-O System 

J.G. Bednorz and K.A. Muller 

IBM Zurich Research Laboratory, Ruschlikon, Switzerland 
Received April 17, 1986 



MetaUic oxygen-deficient compounds in the Ba-La-Cu-0 system, with the composi- 
tion Ba x La 5 - x Cu s O S( s- y) have been prepared in polycrystalline form. Samples with 
x= 1 and 0.75 y>0, annealed below 900 °C under reducing conditions, consist of three 
phases, one of them a perovskite-like mixed-valent copper compound. Upon cooling 
the samples show a linear decrease in resistivity, then an approximately logarithmic 
-increase, interpreted as a beginning of localization. Finally an abrupt decrease by up 
to three orders of magnitude occurs, reminiscent of the onset of percolative superconduc- 
tivity. The highest onset temperature is observed in the 30 K range. It is markedly 
reduced by high current densities. Thus, it results partially from the percolative nature 
bute possibly also from 2D superconducting fluctuations of double perovskite layers 
of one of the phases present. 



I. Introduction 

"At the extreme forefront of research in supercon- 
ductivity is the empirical search for new materials" 
[1]. Transition-metal alloy compounds of ^4 15 
(Nb 3 Sn) and B l*(NbN) structure have so far shown 
the highest superconducting transition temperatures. 
Among many A 15 compounds, careful optimization 
of Nb-Ge thin films near the stoichiometric compo- 
sition of Nb 3 Ge by Gavalev et al. and Testardi et al. 
a decade ago allowed them to reach the highest T c = 
23.3 K reported until now [2, 3]. The heavy Fermion 
systems with low Fermi energy, newly discovered, are 
not expected to reach very high 77s [4]. 

Only a small number of oxides is known to exhibit 
superconductivity. High-temperature superconduc- 
tivity in the Li-Ti-0 system with onsets as high 
as 13.7 K was reported by Johnston et al. [5]. Their 
x-ray analysis revealed the presence of three different 
crystallographic phases, one of them, with a spinel 
structure, showing the high T c [5], Other oxides like 
perovskites exhibit superconductivity despite their 
small carrier concentrations, n. In Nb-doped SrTi0 3 , 
with // = 2x 10 2O cm" 3 , the plasma edge is below the 
highest optical phonon. which is therefore unshielded 



[6]. This large electron-phonon coupling allows a T c 
of 0.7 K [7] with Cooper pairing. The occurrence of 
high electron-phonon coupling in another metallic 
oxide, also a perovskite, became evident with the dis- 
covery of superconductivity in the mixed-valent com- 
pound BaPb! -,Bi*0 3 by Sleight et al., also a decade 
ago [8]. The highest T c in homogeneous oxygen-defi- 
cient mixed crystals is 13 K with a comparatively low 
concentration of carries « = 2-4x 10 21 cm" 3 [9]. Flat 
electronic bands and a strong breathing mode with 
a phonon feature near 100 cm" 1 , whose intensity is 
proportional to T c , exist [10]. This last example indi- 
cates that within the BCS mechanism, one may find 
still higher r c 's in perovskite-type or related metallic 
oxides, if the electron-phonon interactions and the 
carrier densities at the Fermi level can be enhanced 
further. 

Strong electron-phonon interactions in oxides 
can occur owing to polaron formation as well as in 
mixed-valent systems. A superconductivity (metallic) 
to bipoiaronic (insulator) transition phase diagram 
was proposed theoretically by Chakraverty [11]. A 
mechanism for polaron formation is the Jahn-Teller 
effect, as studied by Hock et al. [12]. Isolated Fe 4+ , 
Ni and Cu 2+ in octahedral oxygen environment 
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show strong Jahn-Teller (J.T.) effects [13]. While 
SrFe(VI)0 3 is distorted perovskite insulator, 
LaNi(III)0 3 is a J.T. undistorted metal in which the 
transfer energy b n of the J.T. e g electrons is sufficiently 
large [14] to quench the J.T. distortion. In analogy 
to Chakraverty's phase diagram, a J.T.-type polaron 
formation may therefore be expected at the border- 
line of the metal-insulator transition in mixed perovs- 
kites, a subject on which we have recently carried 
out a series of investigations [15]. Here, we report 
on the synthesis and electrical measurements of com- 
pounds within the Ba-La-Cu-0 system. This sys- 
tem exhibits a number of oxygen-deficient phases 
with mixed-valent copper constituents [16], i.e., with 
itinerant electronic states between the non-J.T. Cu 3 + 
and the J.T. Cu 2+ ions, and thus was expected to 
have considerable electron-phonon coupling and me- 
tallic conductivity. 



II. Experimental 

/ . Sample Preparation and Characterization 

Samples were prepared by a coprecipitation method 
from aqueous solutions [17] of Ba-, La- and Cu-ni- 
trate (SPECPURE JMC) in their appropriate ratios. 
When added to an aqueous solution of oxalic acid 
as the precipitant, an intimate mixture of the corre- 
sponding oxalates was formed. The decomposition 
of the precipitate and the solid-state reaction were 
performed by heating at 900 °C for 5 h. The product 
was pressed into pellets at 4 kbar, and reheated to 
900 °C for sintering. 



2. X-Ray Analysis 

X-ray powder diffractograms (System D 500 SIE- 
MENS) revealed three individual crystallographic 
phases. Within a range of 10° to 80° (20), 17 lines 
could be identified to correspond to a layer-type per- 
ovskite-like phase, related to the K 2 NiF 4 structure 
(</ = 3.79 A and c= 13.21 A) [16]. The second phase 
is most probably a cubic one, whose presence depends 
on the Ba concentration, as the line intensity de- 
creases for smaller „Y(Ba). The amount of the third 
phase (volume fraction >30% from the x-ray intensi- 
ties) seems to be independent of the starting composi- 
tion, and shows thermal stability up to 1,000 °C. For 
higher temperatures, this phase disappears progres- 
sively, giving rise to the formation of an oxygen-defi- 
cicnt perovskite (La 3 Ba 3 Cu 6 O l4 ) as described bv Mi- 
chel and Raveau [16]. 



J.G. Bednorz and K.A. Muller: Ba-La-Cu-O System 



0,06 



0.05 



0.04 - 9 . % «•* ✓ « 



e 
a 



0.02 



0.01 



• 0.25 A/cm 2 

• 0.50 A/cm 2 
» 0.50 A /cm 2 



100 



_L 



T (K) 



200 



J_ 



0.020 



0.016 



0.012 



6 
o 

a 



0.008 



0.004 



300 



Fig. l.TemperaturedependenceofresistivityinBa^Laj.^CusO,^ 
for samples with .v(Ba)= 1 (upper curves, left scale) a'nd ,t(Ba)"= 
0.75 (lower curve, right scale). The first two cases also show the 
influence of current density 



5. Conductivity Measurements 

The dc conductivity was measured by the four-point 
method. Rectangular-shaped samples, cut from the 
sintered pellets, were provided with gold electrodes 
and contacted by In wires. Our measurements be- 
tween 300 and 4.2 K were performed in a continuous- 
flow cryostat (Leybold-Hereaus) incorporated in a 
computer-controlled (IBM-PC) fully-automatic sys- 
tem for temperature variation, data acquisition and 
processing. 

For samples with *(Ba)£l.O, the conductivity" 
measurements, involving typical current densities of 

0. 5 A/cm , generally exhibit a high-temperature me- 
tallic behaviour with an increase in resistivity at low 
temperatures (Fig. 1). At still lower temperatures, a 
sharp drop in resistivity (>90%) occurs, which for 
higher currents becomes partially suppressed (Fig. 1: 
upper curves, left scale). This characteristic drop has 
been studied as a function of annealing conditions, 

1. e., temperature and 0 2 partial pressure (Fig. 2). For 
samples annealed in air, the transition from itinerant 
to localized behaviour, as indicated by the minimum 
in resistivity in the 80 K range, is 'not very pro- 
nounced. Annealing in a slightly reducing atmo- 
sphere, however, leads to an increase in resistivity 
and a more pronounced localization effect. At the 
same time, the onset of the resistivity drop is shifted 
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towards the 30 K region. Curves © and ®, recorded 
for samples treated at 900 °C, show the occurrence 
of a shoulder at still lower temperature, more pro- 
nounced in curve ®. At annealing temperatures of 
1,040 °C, the highly conducting phase has almost 
vanished. As mentioned in the Introduction, the 
mixed-valent state of copper is of importance for elec^ 
tron-phonon coupling. Therefore, the concentration 
of electrons was varied by the Ba/La ratio. A typical 
curve for a sample with a lower. Ba concentration 
of 0.75 is shown in Fig. 1 (right scale). Its resistivity 
decreases by at least three orders of magnitude, giving 
evidence for the bulk being superconducting below 
13 K with an onset around 35 K, as shown in Fig. 3, 
on an expanded temperature scale. The latter figure 
also shows the influence of the current density, typical 
for granular compounds. 

III. Discussion 

The resistivity behaviour of our samples. Fig. 1, 
is qualitatively very similar to the one reported in 
the Li-Ti-O system, and in superconducting 



BaPb 1 . x Bi JC 0 3 polycrystalline thin films [5, 18]. 
Upon cooling from room temperature, the latter ex- 
hibit a nearly linear metallic decrease of p(T\ then 
a logarithmic type of increase, before undergoing the 
transition to superconductivity. One could, of course, 
speculate that in our samples a metal- to-metal struc- 
tural phase transition occurs in one of the phases. - 
The shift in the drop in p(T) with increasing current > 
density (Fig. 3), however, would be hard to explain 
with such an assumption, while it supports our inter- 
pretation that we observe the onset of superconducti- 
vity of percolative nature, as discussed below. In 
BaPbt-^B^Oa, the onset of superconductivity has 
been taken at the resistivity peak [18]. This assump- 
tion appears to be valid in percolative systems, i.e., 
in the thin films [18] consisting of polycrystals with 
grain boundaries, or when different crystalline phases 
with interpenetrating grains are present, as found in 
the Li-Ti-0 [5] or in our Ba-La-Cu-0 system. 
The onset can also be due to fluctuations in the super- 
conducting wave functions. We assume one of the 
Ba-La-Cu-O phases exhibits this behaviour. 
Therefore, under the above premises, the peak in p{T) 
at 35 K, observed for an ,v(Ba) = 0.75 (Fig. 1), has 
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to be identified as the start to superconductive coop- 
erative phenomena in the isolated grains. It should 
be noted that in granular Al, Cooper pairs in coupled 
grains have been shown to exist already at a point 
where p(T) upon cooling has decreased by only 20% 
of its highest value. This has been proven qualitative- 
ly [19] and more recently also quantitatively [20] by 
the negative frequency shift occurring in a microwave 
cavity. In 100 A films, a shoulder in the frequency 
shift owing to 2D fluctuations was observed above 
the T c of the grains. In our Ba-La-Cu-0 system, 
a series of layer-like phases with considerable variety 
in compositions are known to exist [16, 21], and 
therefore 2D correlations can be present. 

The granularity of our system can be justified 
from the structural information, and more quantita- 
tively from the normal conductivity behaviour. From 
the former, we know that more than one phase is 
present and the question arises how large are the 
grains. This can be inferred from the logarithmic 
fingerprint in resistivity. Such logarithmic increases 
are usually associated with beginning of localization. 
A most recent example is the Anderson transition 
m granular Sn films [22]. Common for the granular 
Sn and our samples is also the resistivity at 300 K 
lying in the range of 0.06 to 0.02 Qcm, which is near 
the microscopic critical resistivity of p c = 10L o ft/e 2 
for localization. From the latter formula, an inter- 
atomic distance L 0 in the range of 100 A is computed, 
thus a size of superconducting grains of this order 
of magnitude must be present. Upon cooling below 
T c , Josephson junctions between the grains phase- 
lock progressively [23] and the bulk resistivity gradu- * 
ally drops to zero by three orders of magnitude, for 
sample 2 (Fig. 1). At larger current densities/ the 
weaker Josephson junctions switch to normal resistiv- 
ity, resulting in a temperature shift of the drop, as 
shown in Fig. 3. The plateau in resistivity occurring 
below the 80% drop (Fig. 1) for the higher current 
density of 0.5 A/cm 2 , and Fig. 2 curve ®) may be 
ascribed to switching of junctions to the normal state. 

The way the samples have been prepared seems 
to be of crucial importance: Michel etal. [21] ob- 1 
tained a single-phase perovskite by mixing the oxides 
of La and Cu and BaC0 3 in an appropriate ratio 
and subsequent annealing at 1,000 °C in air. We also 
applied this annealing condition to one of our sam- 
ples, obtained by the decomposition of the corre- 
sponding oxalates, and foun d no s uperconductivity. 
Thus, the preparation from the oxalates and anneal- 
ing below 950 °C are necessary to obtain a non-per- 
ovskite-type phase with a limited temperature range 
of stability exhibiting this new behaviour. The forma- 
tion of this phase at comparatively low temperatures 
is favoured by the intimate mixture of the compo- 
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nents and the high reactivity of the oxalates owing 
to the evolution of large amounts of H 2 0 and CO, 
during decomposition. 



IV. Conclusion 

In the concentration range investigated, compounds 
ot the Ba-La-Cu-O system are metallic at high 
temperatures, and exhibit a tendency towards local- 
ization upon cooling. Samples annealed near 900 °C 
under reducing conditions show features associated 
with an onset of granular superconductivity near 
30 K. The system consists of three phases, one of 
them having a metallic perovskite-type layer-like // 
structure. The characterization of the new, apparently 1 1 
superconducting, phase is in progress. An identifica- 
tion of that phase may allow growing of single crys- 
tals for studying the Meissner effect, and collecting 
specific-heat data to prove the presence of high T 
bulk superconductivity. c 

The authors would like to thank H.E. Weibel for his help in getting 
famihar with the conductivity measurement system, E. Courtens 
and H. Thomas for discussions and a critical reading of the manu- 
script. 
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Note Added in Proof 

Chemical analysis of the bulk composition of our samples revealed 
a deflation trom the ideal La/Ba ratios of 4 and 5.66. The actual 
rafos are 16 and IS. respectively. This is in agreement with an 
identiiication ol the third phase as CuO. 
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Novel Research 



PastiMc Iligh-T c Superconductivity in the Ba-La-Cu-O System 
J.G. Bednorz and K.A. Muller (Project 4196) 

We observed a steep decrease of resistivity in sintered Ba-La-Cu-oxide samples, with the highest 
temperature of the onset in the 35 K range (Fig. 1). 

The Ba-La-Cu-0 system exhibits a number of oxygen deficient phases with perovskite-like 
layer-type structures. These are characterized by mixed-valent copper ions (Cu 2+ and Cu 3+ ) and 
itinerant electronic states. In addition one expects polaron formation induced by the strong 
Jahn-Teller etfect of Cu* + in an octahedral oxygen environment. Thus our Ba-La-Cu-O system 
was anticipated to have considerable electron-phonon coupling and metallic conductivity. 

. Compounds with the composition Ba(x)La(5-x)Cu(5)0(5[3-yJ) have been prepared in 
polycrystalline form. Samples with x < 0.2 and y > 0, annealed below 900°C under reducing 
conditions, consist of three phases, one of them a perovskite-like mixed-valent copper compound 
with K 2 NiF 4 type structure. Upon cooling, the samples show a linear decrease in resistivity, then 
an approximately logarithmic increase, interpreted as a beginning of localization. Finally a steep 
decrease by up to three orders of magnitude occurs, reminiscent of the onset of percolative 
superconductivity. The highest onset temperature is observed in the 35 K range. It is markedly 
reduced by high current densities (Fig. 1). The slow sensitivity decay towards low temperatures 
might possibly result from 2D superconducting fluctuations of perovskite layers of one of the 
phases present. 
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Date: 6 October 1986, 15:37:18 EDT From: RGREENE at YKTVMZ To- KAM at 
ZURLVM1 

Alex; 

Have you made any decision on my proposed specific heat experiment? 
I am anxious to try it. I think I can do it rather quickly after getting 
some samples. It may be difficult to see the transition near 30K because 
of a large phonon background but at the very least we could get a good 
estimate of the electron density of states and the Debye phonon contrib- 
ution. Once I have a good specific heat between 2K and 40K I can make a 

better effort to resolve the electronic effect at Tc if it is small I 

think I can see a 1% effect if the transition is not too smeared in tem- 
perature. Perhaps you would like to come to Yorktown and work with me 
on this experiment? Let me know. Best regards. 

Rick 

P.S. This is a good time for me to do some experiments on your exciting 
new compound since I am not heavily involved in other projects yet. 
I could get access to tunneling and neutron scattering equipment 
which would be. very useful for seeing which phonons (if any) are 
involved in causing such a high Tc. 



Date: 14 October 1986, 10:42:19 EDT From: RGREENE at YKTVMZ To: KAM 
at ZURLVM1 

Hi Alex: 

This note is to give you my user id and node on the VM system. 
You can see them above. When you send the samples for the specific heat 
experiment let me know via VM. My office at Yorktowm is 02-026. I will 
make the specific heat my highest priority and should be able to start 
the experiment as soon as the samples arrive. I will keep you informed 

on the progress of the experiment it will probably take a few weeks 

to get reliable data assuming there are no unexpected problems. 

As I said on the telephone you can ignore the sample dimensions 
sent to you by my manager C. Tsuei. He did not talk to me before sending 
you his VM note and he did not understand the requirements of the specific 
heat apparatus. What I need are samples to cover an area of 2mm x 2mm on 
the bolometer. Some extra samples will also be necessary in case we break 
or lose the primary samples. It would be best to not compress the samples 
or bind them together with any foreign materials which could alter the 
specific heat. 

Best Regards, 

Rick 



Date: 15 October 1986, 15:02:34 EDT From: RGREENE at YKTVMZ To: SANDRO 
Sandro; I have a court at 5pm. Do you want to play? 

Rick 



Date: 16 October 1986, 09:06:42 EDT From: RGREENE at YKTVMZ To: GGRIN 



I'm thinking about taking my son to Mohansic tomorrow afternoon around 
1:30. If you want to join us let me know. 

Rick ( 

Date: 16 October 1986, 13:27:32 EDT From: RGREENE at YKTVMZ To: JBMART v| 

The reference is PRL 57, 1177(1986). I think a pressure experiment might 
be interesting. Let me call Chaikin and Brian first then I'll get back 
to you. 

Rick 




Greene 

Date: 20 October 1986, 08:51:36 EDT From: RGREENE at YKTVMZ To: 
LOUGHRAN at ALMVMC 

Hi Diane; 

Starting to get cold around here but at least the sun is shining. 
Hope all is well with you. You can discard the Chaikin-Greene manuscript. 
It's been published and I have the reprints .Thanks for forwarding any 
remaining mail that comes to Almaden it takes a long time for scien- 
tific types to know when one has moved. I'll be seeing you in Jan. 

Regards, 

Rick 

Date: 20 October 1986, 15:18:13 EDT From: RGREENE at YKTVMZ To: KAM 
at ZURLVM1 



Alex; 

The samples have arrived. They are bigger than I expected and all ^ I; o 

appear to be compressed pellets. Before I start on the specific heat I 
need to know a few things. 



"SI 



l.What is the difference between the samples marked I (red) and II (black)? ^ ^ ^ 

J 



2. Have the samples been compressed with any foreign material, such as a f 
binder? ^ 



3. Can the samples be cut without falling apart? If so do you recommend V) v 
using a string saw or a razor blade or something else? Will water damage v 
them? vlr ;; 

2 <^ 



4. Has the magnetic susceptibility been measured on any of these samples 
or on other samples from the same batch? I may want to measure the 
resistivity or susceptibility on these particular samples to make sure 
they exhibit the behavior you found before spending a big effort on the 

specific heat. 



We are measuring the background specific heat of our apparatus up to 40K 
tomorrow — hopefully by the end of the week we will begin your samples 
so please call or send me via VM the answers to the above questions as 
soon as possible. 

Best regards, . 

Rick 



Rick 



Date: 23 October , 1986, 13:43:17 EDT From: RGREENE at YKTVMZ To: BED 
at ZURLVM1 cc: KAM at ZURLVM1 

Hi George , Alex; 

Just a note to keep you informed of our progress. We are almost 
finished with the background specific heat. Tomorrow we will mount a 25mg 

/slice of your sample BLC02 it should take about a week to get the data 

in the earth's magnetic field. It probably will be necessary to also 
measure the specific heat in a magnetic field to accurately determine the 
superconducting contribution. Do you have any data on the critical field 
for this sample... if not we can measure it ourselves. Also I need to know 
if the samples you sent me are each a single phase. . .from your x-ray 
studies. I haven't received your preprint yet. .perhaps some of my 
questions are answered there. 

I will be away from the lab tomorrow and look forward to your 
response on Monday. Best regards. 

Rick 



Date: 23 October 1986, 14:00:11 EDT From: RGREENE at YKTVMZ To: MALOZEM 
Alex; 

Sorry I haven't gotten back to you but I have been very busy with 
two exciting experiments the specific heat of the new Zurich high 



temperature superconductor and the 2D melting X-ray experiment with Paul 
which finally looks like it will work. I'm not really sure if there are 
any easily defined X-ray experiments that can be done to prove or disprove 
the nice model you presented this morning but I will think more about 
tnis. However given my present experimental committments it will be a 
ThankT thS bef ° re 1 ° OUld realisticall y do anything. Keep me informed. 
====— — Rick 

Date: 23 October 1986, 14:27:22 EDT From: RGREENE at YKTVMZ To- BED 
at ZURLVM1 i*ivua 10. at.u 

George; Thanks for the Susceptibility info. I'm glad that I chose BLC02 
1 for the first experiment. How wide in temperature is the para-diamagnetic 
transition in this sample? Regards. 

Rick 

Date: 23 October 1986, 18:58735 SET From: i s> bednorz 
BED at ZURLVM1 To: RGREENE at YKTVMZ J-g-bednorz 



Hi Rick 

Here are the results of our susceptibility measurements, done 
on the samples You got from me. I'll give You the temperatures 
where the para- to diamagnetic transition occurs. 

BLC02 I 32K BLC02 II 26-27K 

BLC08 I 13-14K BLC08 II 25-26K 
BLC021I 25K BLC021II 27-28K 

So You don't need to involve somebody else with these measurements 
which I prefere doing myself here. ' 
While typing this, I got the message that You send a note. 

v./;.; • . ■ Salu . ' 

■'■ ''.'[' :'*" ' George. 



Date: 23 October 1986, 16:00:52 EDT From: RGREENE at YKTVMZ To: TFHEINZ 
Tony; 

I can't serve on the colloquim committee this year. I'll try to think 
of possible speakers however. Sorry and thanks for thinking of me. 

. Rick 

Date: 23 October 1986, 17:32:09 EDT From: RGREENE at YKTVMZ To: GRANT 
at ALMVMC 

Hi Grant; 

f Where have you been hiding? I need to talk to you since you 
didn t answer my last note. I'll be here on Monday.. try me then. 
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the old boss 



at Yorktown, Thanks and regarus*. 

Rick 



Date: 27 October 1986, 08:32:34 EST From: RGREENE at YKTVMZ To: GGRIN 
Got your note too late sorry I missed the big game. Let's try the 

-* ■ «- — . *^* r T - f.trm ' t- h avn time fnr a roal on lf gfl m p for a 



Date: 28 October 1986, 17:30:52 EST From: RGREENE at YKTVMZ To: BED 
at ZURLVM1, KAM at ZURLVM1 



Hi George, Alex: : ^> f * ~ ' 

Did you get the last two notes that I sent you? I'm 
measuring BLC02 this week. . .nothing definitive yet. I'll keep you in- 
formed. What is the critical field of this sample? Is BLC02-I all the same 
phase? I haven't received your preprint yet. ..have you sent it? Best 
regards . 

Rick 



Date: 29 October 1986, 17:20:53 EST From: RGREENE at YKTVMZ To: GGRIN 
Hey Rod; 



29 Octobe 
at ZURLVM1 




i 

/To: 



1986, 16:41:22 
RGREENE at YKTVMZ 



SET 



From: j.g.bednorz 



ii Rick, 

Sbrryror letting you wait so long to get an answer. Alex told 
me that he sent the reprint already 10 days ago. I have sent 
you a second one today, in case the letter got lost somewhere. 

Concerning your questions: 

From our measurements we can tell you that the critical field 
Hc2 is higher than 1.5 kG. 

Now about the phases present in our samples: 
BLC02 I 3 phases: °cub. perovskite/tetrag. perovskite/CuO 



BLC02 II 2 phases: 
BLC08 I 2 phases: 
BLC08 II 1 phase : 
BLC021I 2 phases: 
BLC021II 1 phase : 



/ 
/ 



/ — 
/ — 
/ — 
/ — 
/"- 



Best regards also from Alex 



George. 



'' "" ' ' - I II — —MM ... ■"— ' ■■II I ... 

Date: 30 October 1986, 09:20:04 EST From: RGREENE at YKTVMZ To: GRANT 
at ALMVMC 

Hi Gran tie; 

I'm here ..where are you? Don't even have a phone answer any 
more. How come you didn't answer the questions in my last note. 

As for the 3M meeting I am supossed to share a room with Torrance starting 
Sunday nite. I'm not sure if he's still coming or how long he's staying. 
Check with him and you can share the room with us or replace him. Let me 
know. 

Greene 



Date: 30 October 1986, 09:31:20 EST From: RGREENE at YKTVMZ To: BED 
at ZURLVM1, KAM at ZURLVM1 

Hi Alex and George: 

I just tried to reach you by telephone without success 
so here is a note. We have measured the specific heat(C) of BLC02-I from 
2-40K...the analysis is not yet complete but the prliminary data does not 
show any bump in C near or below 32K. However at this stage we could only 
see a bump or jump if it was greater than 10% of C so more accurate ex- 
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periments will be required. Since BLC02-I is a 3 phase sample it was not 
a good choice for the measurement since I will not be able to analyze the 
data for density of states and Debye Temp. Do you know how much of each 
phase is present in this sample? Also is the cubic perovskite a metal or 
insulator? 

It would be better if you had some single phase single crystals 
of the tetragonal phase. Is this possible? We could measure samples as 
small as a few milligrams. 

Without crystals I am planning to measure BLC08-II next since this 
is a single phase. Once you send me the info on. the chemical composition 
and structure of this phase I can analyze the data and hopefully get re- 
sults that we can publish. The measurements will. take another week if all 
goes well. If we have to put on a magnetic field this will take several 
more weeks... specific heat data is tedious to obtain and analyze even 
with a computer. 

Please answer the above questions as soon as possible. I am still 
waiting for your preprint. . .the first one must have gotten lost. Did you 
send it by external mail? Best regards. 
Rick 

Date: 30 October 1986, 18:30:43 SET From: j.g.bednorz 
BED at ZURLVM1 To: RGREENE at YKTVMZ 

Hi Rick, 

BLC021II or BLC08II would be good to try. 

BLC021II shows a more pronounced resistivity drop, as compared to 

the 

sample I. BLC08II I could not check till now. 

The composition is BaO.15 Lal-.85Cu04-x- and BaO. 10Lal.90CuO4-x 
respec- " 

tively.The structure of La2Cu04 is a layered perovskite of K2NiF4 

The pure material is orthorhombically distorted. Exchanging La by 

is leading, as we belief, to the formation of a tetragonal unit 

Our powder diffraction pattern can be indexed with a bodycentered 
lattice and a=3.79A and c=13.21A for xBa around 0.1. For crystals 
with xBa=0 . 02 I also checked the lattice parameters by single 
crystal * 

precession experiments. But here we aready have the problem. These 
crystals have been obtained from powders with xBa=0.1, so we have 
to expect seggregation and it will take a while, to get the crystals 
with a composition where the resistivity drop is observed in the 
powders . 

To your question about the cubic perovskite, it shows metallic 
conduc- 
tivity as well. 

I really hope, that you get the preprint very soon. 



type 

Ba 

cell 
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Best regards George. 



Date: 30 October 1986, 15:06:11 EST From: RGREENE 
at ZURLVM1 



at YKTVMZ To: 



BED 



George; Thanks for your quick answer to my questions. I forgot to ask you 
irrlTr ~ the T rela tive weight % of the 3 phases in sample 
BLC02-I. If so I may still be able to get some useful information 
trom the data we have taken so far. 

I also just realized that you could send me the preprint via VM 
assuming it was typed on line. Please see if your secretary 
can do this. Thanks and regards. 

Rick 



Date: 3 November 1986, 16:58:28 EST From- 
at ALMVMC 



RGREENE at YKTVMZ To: JERRYT 



Hi Jerry; 

t> A11 . iS S6t l° r ° U . r r °° m at the Hyatt starting Sunday nite the 
16th. I m not sure when I 11 arrive but they have your name attached to 
the room also and it s guaranteed for late arrival. See you there I saw 
some article recently about an organic ferromagnet .... I think in JETP 
letters. Do you know about that work? 

Rick 




I cannot play tomorrow. . .sorry. Next week. If I can change my schedule to- 
morrow I will call you in the morning. 

Rick 



Date: 11 November 1986, 10:04:02 EST From: 
at ZURLVM1 



RGREENE at YKTVMZ To: BED 



Hi George; 

No I have not given up... in fact I just tried to reach you bv 
phone. My terminal is not working since I just changed my office so It may 
take me a little longer to respond to messages. 

At any rate I have finished the specific heat measurement from 4-35K 
in zero magnetic field. It will take a few days to finish the data anal- 
ysis but there is no obvious bump in the specific heat indicating 
superconductivity. This is not really too surprising given the very broad 
transition you have found in resistivity and susceptibility. 

I expect to get some useful information from the data anyway but 
for this I need the exact composition of BLC021-II Is it 
Ba.l5Lal.85CuO(4-.15)? Please send this as soon as possible by VNET. I 
will get back to you and ALex later with more info. Regards. 
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Rick 



^^J^Noveraber 1986, 09:19:56 EST From: RGREENE at YKTVMZ To: GRANT 



Greene 



Date: 13 November 1986, 13:54:49 EST From: RGREENE at YKTVMZ To- 
MALOZEM 

Alex; 

I'll be happy to talk about the prospects of using magnetic X-ray 
scattering for thin films and interfaces. It will only be a summary of 
what has been done and my thoughts on what else could be done. The rest 
of your proposed program looks great. It's a good idea to have such an 
internal meeting. 

Rick 



Date: 14 Novembej: 1986, 10:17:09 EST From: RGREENE at YKTVMZ To: BED 
at ZURLVM1, KAM at ZURLVM1 

Hi Alex and George; 

I will be away from the lab until 24 Nov. so I thought I would 
let you know the present status of the specific heat (SH) experiment and 
my future plans. 

So far we have measured BLC021 from 3-35K. There is no evidence 

for a bump in SH anywhere to a 5% accuracy. I have analyzed in detail 

the data between 3-10K. Here the SH is linear on a C/T vs T2 plot. The 
intercept gives a value for gamma of 5.9 mj/mole-K2. This is a rather 
large value compared to other metals and suggests that most of the BLC021 
sample is in the normal state. However to be sure of this we must measure 
the sample in a magnetic field large enough to suppress the 
superconductivity. This we will start while I am away. Also we must run 
a test sample such as copper or silicon to know the accuracy of our gamma 
determination. All this will take 2-3 more weeks. As you see it takes 
considerable effort to do a reliable specific heat measurement which makes 
it very important that we have well characterized, single phase samples. 
As we discussed yesterday George it may be better to do the SH experiment 
on a bunch of single crystals if you can prepare them. Five mg of material 
should be enough to get reliable data. 
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t «. 4 We " J 3 measure critical field up to 9T via resistivity. 
I want to do this first so I have some idea of the field necessary to get 
the normal state at 3K....our SH apparatus has a field of 5T maximum. 

I'll talk with you when I return. I am still quite excited about 
these new materials and hope that we can continue to collaborate on var- 
ious experiments even if the specific heat does not give evidence for bulk 
superconductivity. I should remind you that it took many years of work 
before the BaPbBi Oxides were shown to be bulk Superconductors 



Best regards , 



Rick 




at YKTVMZ To: PARKIN 



Hi Stuart; 

Thanks for your note. I haven't heard from Helmut but he is 
probably very busy starting his new job. Haven't heard about the Japan 

proceedings either are you still interested in organic metals? What 

is happening with your work on thin films? I expect to be out to San Jose 
sometime in January and you can bring me up to date! 

Until then I am very busy with X-ray scattering and some other ex- 
periments on new inorganic materials. Have a good holiday season. 

Best regards 

Rick 



Date: 25 November 1986, 10:35:50 EST From: RGREENE 
at ZURLVM1 , KAM at ZURLVM1 



at YKTVMZ To: BED 



Hi Alex and George; 

I have returned from my trip and will once again start work 
on your new superconductor. This week is the Thanksgiving holiday so not 

mU ?*ril P ? 6n Vnt±1 neXt Week - 1116 s P ecif " heat apparatus is now 
modified to make measurements in a magnetic field. . . .however we must first 
calibrate and check that it works with some known material. 

Please tell me what is happening with your studies of time de- 
pendent effects. Is the sample BLC021 still good.... we have not yet 
measured the resistivity in a field as a function of T but we plan to along 
with the specif i c heat experiment. Perhaps you should send me some new 

single crystals for the next experiment I don't want to waste time 

on a bad sample. 

I would like to send an abstract to the March APS meeting on the 
specific heat results. Is this agreeable with you? The abstracts are due 
the end of next week (Dec. 5) so let me know soon. At this stage there is 
not much definitive to say but I can still write a general abstract about 
specific heat and I m sure I will have definitive results by the time of 
the meeting. 
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Best Regards, 

Rick 



Date: 26 November 1986, 09:56:43 EST From: RGREENE at YKTVNZ To: KAM 
at ZURLVM1 

Hi Alex; 

Are you sending your susceptibility preprint to people outside 
of IBM? If so Ted Geballe at Stanford would like a. copy. . .he saw your 
paper in Z. Physic and called me to see if I knew about your work. 

I can send him a copy if you are agreeable. Please let me know 
about this and more importantly the answer to my note of yesterday. 

— __Bes t_re gards , 



t»ux xa 



Date: 1 December 1986, 17:31:01 EST From: RGREENE at YKTVMZ To: KAM 
at ZURLVM1, BED at ZURLVM1 

Hi Alex and George: 

Here is a draft of the abstract that I would propose submitting 
to the APS March meeting. Please make any changes or comments and let me 
know today. I lopk at this as a way to publisize your work in the USA and 
to present whatever specific heat results are obtained by March, 



POSSIBLE HIGH Tc SUPERCONDUCTIVITY IN THE Ba-La-Cu-0 SYSTEM ■ ■:■ 



We report measurements on new oxide superconductors of the composition 
La(2-x)Ba(x)Cu0(4-y) with x«l and y>0. Polycrystalline samples with 
x=.15 show a resistivity drop of three orders of magnitude and a transi- 
tion from Pauli paramagnetism to diamagnetisra with an onset temperature 

between 30-35K. (ref 1 and 2 your two papers). The transition is 

complete by 10K and magnetic field studies suggest superconductivity of 
a percolative or granular nature. Our specific heat experiments indicate 
a large electron density of states but no evidence of a sharp jump near 

Tc consistent with the small Meissner signal observed (2% of complete 

flux expulsion) and the broad transition width. These measurements, along 
with X-ray and critical field results, will be analyzed for the possi- 
bility of high Tc superconductivity in these new oxide materials. 
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The authors would be the three of us and Steve VonHolnar (whose apparatus 

I am using) possibly I would add Al Torresen (Steve's assistant) 

without whom the specific heat experiments could not have been done. 

The abstract could perhaps be a bit longer but there may not be much space 
after the authors and references are included. 



Regards, 

Rick 



Date: 2 December 1986, 09:17:12 EST From: RGREENE at YKTVMZ To: KAM 
at ZURLVM1 

Alex; 

I scheduled your seminar for 8 Jan at 3:30pm this was the only 

time I could get a room. Please send me a title and short abstract so I 
can get it on the lab calender as soon as possible. Do you need a hotel 
reservation? Regards. 

Rick 

P.S. Plan on saving some time on 9 Jan. to discuss our specific heat 
data. If you would like to go out together for dinner on the 8th 
^ me know. 

Date: 4 December 1986, 10:48:02 EST From: RGREENE at YKTVMZ To: BED 
at ZURLVM1 

Hi George; , 

I just tried to telephone you. I am measuring the resistance 
and critical field of sample BLCO-21. So far it reproduces the data in 
your Z. Physik paper;.. I don't see a bump except perhaps near 25K (but I 
need to take more points). The surprising thing is that a small field 
(1000 Oe) increases the Resistance to the value at 25K but at higher 
fields (up to 7Tesla) there is almost no more change in R. Tell you more 

when I have more data so far it suggests that doing the specif ic heat 

in low field will be useful. 



Would you please send me whatever info you have on the structure 
of the superconducting phase i.e. a picture and a powder X-ray that gives 
the Bragg peak positions. 

What have you learned about the time changes in these samples? I 
would like some fresh single phase samples for our next specific heat 
experiment. . .to begin at the end of next week. If you have single crystals 
..tha t wou l d ftyptn be„betiL e r hu t T realize th*s ic * HiffimU nroki rrn 



negaras , 
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Rick 



Date: 5 December 1986, 10:56:34 EST From: RGREENE at YKTVMZ To: ORR 
OK. What are you up to? Dropin and see me sometime in vonMolnars lab. 
Rick 



Date: 5 December 1986, 11:10:42 EST From: RGREENE at YKTVMZ To: RAM 
at ZURLVM1, BED at ZURLVM1 

Hi Alex and George: 

I'm getting some good critical field results now although I still 
don't totally trust my contacts. The resistance vs. temp, follows your 
data but there seems to be two superconducting regions (perhaps 2 
phases)., one below 22K and the other below 33K. The critical fields are 
very different in these two temperature ranges. The good news is that I 
am getting a critical field vs temp curve between 20-30K and this will 
alllow me to estimate gamma to compare with the specific heat gamma; 
Incidently the critical field at 4K is greater than 7Tesla (as expected <f: 
for a high Tc material) so we may eventually want to go to the MIT magnet 
lab to* measure it better. 

The specific heat exp. is progressing nicely and we will be finished 
with all our calibrations next week. What sample do you recommend that I 
use based on your recent work? ~ 

As soon as I have collected and plotted all the critical field data 
I will send you a figure along with the abstract to the March meeting. 

Best regards, 

Rick 

P.S. Please send me whatever info you have on the structure of the SC 
phases. 

I am giving an internal journal club seminar on your resistivity and 
susceptibility papers . 



Date: 8 December 1986, 09:26:48 EST From: RGREENE at YKTVMZ To: 
LOUGHRAN at ALMVMC 
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nappy nuliuajf6. • • iatsc y c/u xii %jtxii ^uiojfuc; 

Rick 



Date: 3 December 1986, 16:39:02 SET From: KAM at ZURLVM1 To: RGREENE 

at YKTVMZ 

Rick, here is the title and abstract for my seminar : 

'Superconducting and Structural Properties of the BaLaCuO System 1 

Resistivity and susceptibility measurements as well as x-ray powder 
analysis carried out at the Rueschlikon laboratory will be described. The 
electric and magnetic data indicate the existence of a percolative 
superconductor with onset above 30 K.The newest magnetisation measure- 
ments as a function of temperature and field proove the presence of a 
superconductive glass. The highest Tc sampels correlate with an 
orthorhombic-tetragonal structural phase transition. 

please check for the eng 1 is h, thanks 

Alex 



Date: 9 December 1986, 10:29:48 EST From: RGREENE at YKTVMZ To: GGRIN 

Let's stick to our Weds tennis 4; 30 right? 

Rick 



Date: 9 December 1986, 10:31:06 EST From: RGREENE at YKTVMZ To: POMERAN 
Mel; 

I can't take the court on Thurs. so why don't we just put off our game 
until next week. 
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Rick 



Date: 9 December 1986, 10:37:27 EST From: RGREENE at YKTVMZ To: BED 
at ZURLVM1, KAM at ZURLVM1 

Hi George , Alex; 

Thanks for your note George. I will send you the Critical field 
data today. It seems to reproduce your low field results and has the data 

up to 7Tesla 1 could go to 9T but will do that later. I assume from 

your note that you think that BLC021 is still a single phase... is that 
correct? I will use this sample for the specific heat in a magnetic 
field. 

I am a little puzzled by the critical field data... it suggests that your 
susceptibility data was measuring the superconductivity that occurs below 
20K and the superconductivity above 20K may not be a bulk effect. It's 
also a litte disturbing that I measured such a large linear term in the 

specific heat in earth field the measurements at 5T should clarify 

this however. 

Can you tell me the density of the SC phase? I need this to es- 
timate gamma from the critical field slope. Also what is your estimate 
of the value of the resistivity just above Tc? I assume a single crystal 
would be at least 10 times lower. Also I would like to know your estimate 

of the Pauli susceptibility above Tc from your data this will give 

another estimate of gamma. 

Thanks for sending me your info and figures of the structure.. I 
hope it arrives before next Tuesday. 

< Best regards, 

Rick ... .„ 



oate: y December 1986, 11:32:57 EST From: RGREENE at YKTVMZ To: MALOZEM 

I don't know Creuzet that well but he seems to have done some good work 
and seems to know what he's talking about. I'm not sure how independent, 
creative or hardworking he is. What would he be doing here? How closely 
working with an RSM? Who with? 
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Rick 



Date: 9 December 1986, 14:34:51 EST From: RGREENE at YKTVMZ To: POMERAN 
Mel; 

OK for Monday. SEe you there unless you hear otherwise. 

===== _______ == Rick 

Date: 8 December 1986, 18:56:40 SET From: j. g.bednorz 
BED at ZURLVM1 To: RGREENE at YKTVMZ 

Hi Rick Sorry that you had to wait for the answer since Thursday . I 've been 
xn Germany since Friday. In November I told you on the phone, that 
something happened to that sample BLC021II which I measured again one 
month after the first resistivity run. The resistivity curve showed a 
peak at 34K and a shoulder occurring around 25K after a 60 percent drop 
At that time I was also surprised about the magnetic field dependence in 
the low temperature part. The resistance was increased by fields between 
0-0.4 Tesla. but seemed to saturate at values above, whereas the field 
dependence of the peak at 34K was smaller. It would be good to compare 
our results, especially as you have the possibility to go to higher fields 
than 0.7 Tesla, which is the limit for our resistivi- ty system. Unfor- 
tunately I do not see the occurrence of a new phase related to the 
appearence of that shoulder in the resistivity. 

Concerning your internal seminar, I will send you an X-ray powder spectrum 
and the structure of La2Cu04, which I've drawn already, using the infor- 
mation given in a German article. You can even have the viewgraphs. We 
should discuss quest ins about the structure at the phone. 

Best regards 
George. 



Date: 9 December 1986, 18:47:08 SET From: j. g.bednorz 
BED at ZURLVM1 To: RGREENE at YKTVMZ . 

Hi Rick, 

Thank you for your quick answer. I just discussed with our Japanese guest 
Masaaki Takashige, who is involved in the susceptibility measurements. 
First of all you should not be worried about about the susceptibility data 
shown in the preprint, because the samples shown there are not single 
phases. You will see from the X-ray pattern that the amount of the for- 
eign phase can be very large, greater than in BLC021 I. Single phase means, 
that in the X-ray diagrams we only can detect the La2Cu04:Ba. The small 
suscepti- bility could indicate that only parts of that phase is super- 
conducting, for instance an intragranular network. That is the reason, 
why we think the density of La2Cu04 (from the X-ray data = 7 g/ccm) would 
not lead to a correct estimation in your case. The Pauli susceptibility 
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of sample BLC021II, this sample is not shown in the paper, shows a field 
dependence close to Tc, this dependence is getting weaker with increasing 
temperature, and we expect it to vanish 10 or 20 de- grees higher, but in 
case of this sample it has not been confirmed. I'll give you values at 
32-33K for the mass susceptibility: 

0.3 Kgauss 1.28 E-7 ccm/g 

5.0 ' f 1.35 E-6 ccm/g 

10 *° " 1-61 E-6 ccm/g Especially for the low field value 

we have to be aware of a large error. 

For the resistivity value: My measurement (second one, where I realized 
the magnetic field dependence) showed a peak value of 7.36 E-3 Ohm cm. 

Concerning the results of the Japanese group: Do you know more about it? 
How did they measure the 40% Heissner effect, did they measure ac or dc? 
Is something known about the magnetic field they applied? I think they 
believe the metallic perovkite phase is responsible for the 
superconductivity, whereas we found that the single phase samples con- 
taining La2Cu04tBa in tho powdir diffraction pattarn, a how th« highaat 
susceptibilitiftn , You wiil get eha aepies of results aa soon M thay 
are plotted. 

Best regards 

George. can be very large, larger than 
in BLC021. Talking about single phase samples 

les, 



Date: 10 December 1986, 10:48:47 EST From: RGREENE at YKTVMZ To: GRANT 
at ALMVMC 

J haven't forgotten you just busy as hell with this 30K superconductor 

and can't think about anything else. Happy Holidays Turkey. 

Looks like I won't have time to ski... too much physics to do. 

le Greene 
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